
Arthroscopic Foveal Reattachment of the
Triangular Fibro Cartilaginous Complex
Gwénolé Kermarrec, MD1 Gilles Cohen, MD2 Peter Upex, MD3 Didier Fontes, MD4

1Centre Main du Morbihan, Clinique Océane, Vannes, France
2Clinique Arago, Losserand, Paris
3Service d’orthopédie et de traumatologie, Hopital Paris Saint Joseph,
Paris, France

4Centre médico-chirurgical Paris V, Paris, France

J Wrist Surg 2020;9:256–262.

Address for correspondence Gwénolé Kermarrec, MD, Centre Main
du Morbihan, Clinique Océane, 11 Rue du Docteur Joseph Audic,
56000 Vannes, France (e-mail: dr.kermarrec@gmail.com).

Keywords

► wrist arthroscopy
► TFCC
► foveal

Abstract Background Foveal attachment of the triangular fibrocartilaginous complex (TFCC) is
essential for distal radioulnar joint stability. Controversy still exists as to which is the
best treatment in case of foveal lesions. Actual arthroscopic techniques either require
mini open steps or are complex and expensive. We present a simple all inside knotless
repair, providing a strong bony fixation in the fovea.
Materials andMethods Through 3–4 and 6R portals, the ulnar fovea is debrided and a
wire is passed percutaneously through the TFCC to place a mattress suture at its free
end. It is then reattached to the fovea with an impacted anchor.
Retrospective Study Between 2013 and 2016, a cohort of 5 patients presenting with
isolated Palmer 1B, EWAS 2 lesions of the TFCC were operated on with this technique.
Clinical evaluation was based on a compared measurement of the grip strength, pain
on a visual analogic scale (VAS), different ranges of motion, and distal radioulnar joint
(DRUJ) stability. We also used functional scores: Mayo modified wrist score (MMWS),
Quick disability arm, shoulder and hand (DASH), and patient-related wrist evaluation
(PRWE). The average follow-up was 29.4 months (range 9–42 months).
Results On postoperative evaluation, pain was reduced by 5 points (range 1–9) and
grip strength averaged 94% of the unaffected side. Range of motion averaged 92% on
the unaffected side. DRUJ instability was slight in 4 patients and mild in 1 patient.
MMWS was excellent for 1, good for 1, and satisfactory for 3 patients. Quick Dash
averaged 17.68 (range 0–38.6) compared with preoperative average of 59.48 (range
45–77) with an amelioration of 43 (range 34–57).
PRWE averaged 20 (range 1–41.5) compared with preoperative average of 60.3 (range
33.5–76.5) with an amelioration of 41 (range 32–58). We reported no complications
and particularly no lesions of the dorsal sensory branch of the ulnar nerve.
Conclusions Wepresent a simple arthroscopic technique using a single suture anchor
placed in the ulnar fovea. Repairs performed with this technique are simple and the
results achieved seem to be similar to those obtained with conventional open or
arthroscopic techniques, although further investigation with an increased number of
patients and follow-up are required. It however became our first choice of treatment in
European Wrist Arthroscopy Society (EWAS) 2 lesions of the TFCC.
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Anatomical understanding of the triangular fibrocartilaginous
complex (TFCC) was improved by the work of Nakamura et al.1

The importanceof the proximal component indistal radioulnar
joint (DRUJ) stability isnowbroadlyaccepted.2–5 Its lesion leads
to instability of theDRUJ, resulting in ulnar-sided pain, reduced
grip strength, and limitation of the pronosupination.3,5

Traditional arthroscopic suturing have shown their short-
comings in providing DRUJ stability,failing to repair the
foveal attachments of the TFCC.6–8 Open repairs have shown
good clinical results, although by the mean of extensive and
difficult exposure of the DRUJ.6,9

To solve this problem, several arthroscopic techniques
have been described.3,5,10,11 Most of these techniques either
combine open and arthroscopic steps3 or are complex and
require expensive supplies.11 We present a simplified all
inside knotless arthroscopic foveal reattachment technique.

Materials and Methods

Patients
A review was conducted on a retrospective cohort who
underwent arthroscopic TFCC foveal repair from January
2013 to December 2016. The surgical listing and medical
linkage systems were queried to obtain all patients who
underwent arthroscopic foveal TFCC repair surgery performed
by thesenior surgeon (DF).Operative reportswere reviewed to
determine the type of procedure, and the type of TFCC tear
repaired was classified according to Palmer12 and Atzei et al.3

Regarding the patients, date of birth, age at surgery, arm
dominance, side of injury, and comorbidities were deter-
mined. Work- and sport-related activities were also noted.
Constitutional hyperlaxity was researched for through
Beighton et al13 criterions.

Inclusion criteria were: surgical treatment of isolated
Palmer 1B lesion of the TFCC with both proximal and distal
component of the foveal insertion lesion (EWAS 2) diagnosed
by an arthro-computed tomography (CT) and/or magnetic
resonance imaging (MRI) and confirmed during surgerywith
a minimal follow-up of 9 months.

Exclusion criteria were degenerative lesions of the TFCC
(Palmer type 2), absence of foveal lesion, irreparable foveal
lesions of the TFCC (EWAS 4), and arthritis of the radiocarpal
or DRU joints. Isolated proximal component lesions (EWAS
3), requiring a different type of repair, were also excluded.

A total of five patients (three men and two women) were
reviewed. The average age at surgery was 30.8 (range 25–41
years). Four patients were right-handed and 1 patient was left-
handed.Dominantsidewasaffected inthreeof thefivepatients.

The average follow-up was 29.4 months (range 9–42
months). All of the patients had a significant history of trauma
before the onset of pain. The delay from injury to surgery
averaged 7.4 months (range 1–14 months). All patients pre-
sented with ulnar wrist pain. Three patients presented with
preoperative significative clinical and symptomatic instability
of the DRUJ.

Operative Technique
An axillary block is administered and the patient is positioned
supinewith the affected armonahand tablewith a tourniquet
inflated to 250mm Hg. The wrist is suspended with the
Whipple Wrist Traction Tower (Linvatec Company) with a
10-pound (4.5 kg) traction. The 3–4 portal is located with a
21-gauge needle, incised with a no. 15 blade, and bluntly
dissectedwithamosquito forceps.A2.7mm30°arthroscope is
inserted in this portal. The 6R portal is identified at the distal
aspect of the TFCC with a needle and used as an instrumental
portal along with a 6U outflow portal. It is very important to
anticipate the course that will be required to access the fovea
for the implantation of the anchor. The portal must therefore
be more distal and ulnar than usual (►Fig. 1C).

This technique does not require accessory portals. Midcar-
pal ulnar and radial (MCU and MCR) are only performed to
assess scapholunate and lunotriquetral stability according to
the associated lesions observed in the radiocarpal joint and
preoperative assessment.

The TFCC is evaluated by three maneuvers: trampoline
test,7 hook test,3 and Ghost sign14 to confirm the proximal
detachment of the TFCC. The repair is performed with the

Fig. 1 Foveal preparation: ulnar styloid process debridement with a radiofrequency device (A) and motorized burr, (B): arthroscopic view, and
(C): operative view showing the direction required for the burr.
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camera in the 3–4 portal and instruments in the 6R portal.
Soft-tissue interpositions are debrided through the lesion of
the TFCC using a radiofrequency device and an oscillating
device (full radius shaver) to access the radial side of the
ulnar styloid process (►Fig. 1A). The ulnar foveal footprint,
located in the middle of the radial side of the basis of
the ulnar styloid, is abraded using a motorized burr
(►Fig. 1B and C).

The hole for the introduction of an impacted Anchor (Mini
Pushlock, Arthrex, Naples, FL, USA) is created on the foveal
footprint using a dedicated 2mm manual drill (►Fig. 2A–C).

20 to 30° flexion of the wrist allows for a better course of the
instrument to reach the fovea (►Fig. 2A). The impaction
device must be in line with the ulna and care must be taken
not to slip anteriorly.

A 2/0 wire (Fiberwire, Arthrex, Naples, FL, USA) is mounted
on an 18 Gauge needle. It is inserted percutaneously proximal
to the 6R portal and passed through both the proximal and the
distal layers of the TFCC, 2 to 3mm from the free end, in a
proximal-to-distal direction. The needle is turned to twist the
wire, preventing its accidental removal while the needle is
pulled out just proximally under the TFCC (►Fig. 3).

Fig. 2 Foveal hole drilling with the dedicatedmanual drill. (A) Operative view. (B) Arthroscopic view through 3–4 optical portal. (C) Artist drawing (Image
courtesy: Massimiliano Crespi).

Fig. 3 The wire mounted on an 18 Gauge needle is passed through the TFCC. (A) Artist drawing (Image courtesy: Massimiliano Crespi).
(B) Operative view. Abbreviation: TFCC, triangular fibrocartilaginous complex.
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The wire is retrieved and pulled out through the 6R portal.
This operation is performed a second time, 4 to 5mmdorsally.
A horizontal mattress suture is then placed on the TFCC.

The two threads of the wire are passed through the
aperture of the anchor (►Fig. 4).

The anchor is introduced through the 6R portal and
advanced to the previously prepared hole on the foveal
footprint. Tension is set on the suture by pulling on the
two wire strands while impacting the anchor in the pre-
drilled hole, thereby locking the suture and the articular disk
in the foveal area (►Fig. 5). The driver of the anchor is
removed and the suture tails are cut flush with the disk
(►Fig. 6A). Efficiency of the repair is tested using the
trampoline (►Fig. 6B) and hook tests, and by testing DRUJ
stability and pronosupination range of motion.

Rehabilitation Protocol
The wrist is immobilized in a brachioantebrachial splint in a
neutral position for 3 weeks, relayed by a removable wrist
splint for 3 more weeks. Digital range-of-motion exercises
are initiated immediately. Range-of-motion and strengthen-
ing exercises of the forearmandwrist are initiated at 6weeks.
Manual activities and sports can be resumed at 2 months.

Postoperative Evaluation
Patients were reviewed by the junior author (GK). Exertional
wrist painwas assessed using the visual analog scale (VAS). The
range ofmotion for bothupper extremitieswasmeasuredwith
standard goniometers. Wrist extension, flexion, radial and
ulnar deviation, and forearm rotation were measured. Grip
strength was evaluated with the Jamar dynamometer

Fig. 4 A horizontal mattress suture is passed through the TFCC. The two threads are mounted onto the Pushlock device. (A) Artist drawing
(Image courtesy: Massimiliano Crespi). (B) Operative view. Abbreviation: TFCC, triangular fibrocartilaginous complex.

Fig. 5 Insertion of the Mini Pushlock. (A) Artist drawing (Image courtesy: Massimiliano Crespi). (B) Arthroscopic view through 3–4 optical portal.
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(Sammons–Weston, Bolingbrook, IL). The resultswere reported
as percentages of the normal side. Each measurement was
performed 3 times and the average value was noted. DRUJ
stabilitywas evaluatedbya passive anteroposterior translation
in neutral position, full supination, and full pronation. It was
gradedas “slight”when inferior to5mm, “mild”whenbetween
5 and10mm, and severewhengreater than10mm.8 Function-
al outcome was evaluated with the Modified Mayo wrist
score,15 Quick disability arm, shoulder and hand (DASH),16

and patient-related wrist evaluation (PRWE).17 Satisfaction
was evaluated both by a visual scale and by subjective evalua-
tion in 4 grades: very satisfied/satisfied/mildly satisfied/unsat-
isfied. We also evaluated the subjective wrist value derived
from the subjective shoulder value described by Gilbart and
Gerber.18 It is definedas a patient’s subjectivewrist assessment
expressed as a percentage of an entirely normal wrist, which
would score 100%.

Delay to return to work and sports were evaluated,
including evaluation of the level (same/lesser/none).

Complications
Specific complications such as dorsal sensory branches of the
ulnar nerve (DSBUN) lesions were researched for.

Results

At follow-up, pain VAS evaluation averaged 0.4 (range 0–1)
compared with preoperative pain which averaged 6.75
(range 2–9). Preoperative to postoperative diminution of
pain was 5 (range 1–9). Regarding the range of motion, wrist
extension/flexion averaged 133°, range 125 to 145, which
was 92% of the unaffected side. Pronation/supination aver-
aged 170° and ranged from160 to 180°, whichwas 98% of the
unaffected side. Grip strength averaged 36 kg and ranged
from 20 to 59 kg, which was 94% of the unaffected side.

DRUJ stability examination showed slight instability in four
patients and mild in one patient. None of the patients pre-
sented with severe instability. One patient had hyperlaxity

according to Beighton et al.13 According to the Mayo wrist
score, one patient had an excellent result, one patient had a
good result, and three had satisfactory results. Quick Dash
averaged 17.68 (range 0–38.6) compared with preoperative
average of 59.48 (range 45–77) with an amelioration of 43
(range 34–57). PRWE averaged 20 (range 1–41.5) compared
with preoperative average of 60.3 (range 33.5–76.5) with an
amelioration of 41 (range 32–58). Subjective wrist value
averaged 78 (range 60–95) compared with preoperative aver-
age of 35 (range 20–60) with an amelioration of 47.5 (range
30–65). Patient satisfaction averaged 8.2 (range 5–10). Two
patientswerevery satisfied, two satisfied, onemildly satisfied,
and no patient was unsatisfied. Return towork was possible in
all patients with the same position, with a mean delay of
54 days (range 26–92). Sports and leisure activities were
resumed at an average of 20 weeks (range 9–31) at the same
level for three patients and at a lesser level for two patients.
None of the patients could not resume their usual activities.

No complications were reported, including no lesion of
the DSBUN.

Discussion

Both painless rotational stability and full range of motion of
the DRUJ are critical in functional capacity of the upper
limb.6 The role of the foveal insertion of the TFCC in DRUJ
stability was shown by several studies2,6,19,20 since its
description by Nakamura et al.1 Haugstvedt et al21 have
shown in a biomechanical study that the foveal insertion
of the TFCC has a greater importance in DRUJ stability than
any other insertion sites. Classic arthroscopic techniques
failed to diagnose or to reconstruct this structure, leading
to unsatisfactory results2,7,9 Boquet et al2 considered that
some of their unsatisfactory results may be caused by
undiagnosed EWAS 2 (repairable complete foveal tear) or
EWAS 3 (repairable proximal tear)whichwould have needed
a foveal repair. Estrella et al,22 Chou et al,10 and Anderson
et al23 have showed that poor results in peripheral TFCC

Fig. 6 Final result. (A) Artist drawing (Image courtesy: Massimiliano Crespi). (B) Arthroscopic view through 3–4 optical portal. Trampoline effect
is restored. (C) Postoperative MRI showing the healing of the foveal insertion of the TFCC. Abbreviation: MRI, magnetic resonance imaging; TFCC,
triangular fibrocartilaginous complex.
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repair were explained by a persistent DRUJ instability, which
was caused by a lesion of the proximal component of the
TFCC. Atzei et al3 have found proximal TFCC lesions (EWAS
stage 2 or 3) in up to 70% of the reparable lesions of the TFCC.
Anderson et al23 found that more than 40% of their TFCC
repair needed immediate or eventual DRUJ reconstruction.

To solve this difficult problem, techniques of foveal reat-
tachment were described with promising results though
through extensile approaches.6,9,24 Chou et al10 described
a mini-invasive technique using a foveal anchor which
provided excellent (three cases) or good (five cases) results
according to the Mayo wrist score.

Although open or mini-open repairs have shown good
clinical results, arthroscopic treatment improves surgical
accuracy through optical magnification and respecting the
extensor retinaculum,3 particularly the extensor carpi ulnaris
tendon sheath.25 Arthroscopy also reduces some complica-
tions such as DSBUN lesions. Anderson et al23 reported an
increased rate of postoperative superficial ulnar nerve pain in
the open group (14 out of 39 patients) compared with the
arthroscopic group (8 out of 36 patients) with no statistical
difference in clinical outcome between the two groups.
Mathoulin and Atzei26 reported stiffness and pronosupination
limitation in open repairs to justify their use of arthroscopy.
These elements may contribute to the better outcomes pro-
vided by arthroscopic treatment of TFCC lesions.23

In 18 patients with a mean follow-up of 18 months, Atzei
et al3 showed a statistically significative improvement in grip
strength (from 73 to 90% of the contralateral side) and pain
changes (VAS decreased from 8.3 to 1.2) after arthroscopically
assisted foveal repair. The repair was performed using a direct
foveal (DF)portal anda2 to2.5 cmskin incisionbetweenthe6U
and the DF portals. Through this incision, they inserted an
anchor in the fovea.whosewireswerepassed through theTFCC
under arthroscopic control. and sutures were tied to assure
TFCC compression against the distal ulna.ModifiedMayowrist
score was good or excellent in 94% of the patients and 83%
resumed their previous work and recreational activities. Four-
teen of the 18 patients had EWAS 2 lesions. They reported 4
transient neurapraxia of the DSBUN which recovered sponta-
neously in 3 to 4 months. Mathoulin and Atzei26 in their
retrospective study of 72 TFCC lesions found 29 foveal lesions,
18 EWAS 2, and 11 EWAS 3. EWAS 2 lesions were treated by a
technique similar to the one described by Atzei et al3 using an
incision between the 6U and the DF portal. With a mean 12-
months (range 6–26 months) follow-up, they found a good
recovery in both mobility and strength when compared with
the opposite unarmed side. Regarding EWAS 2 lesions, they
showed recovery of the range of motion in flexion extension
and grip strength recovery identical to the unaffected side.
However, in two cases, limitation of radial inclination and
pronosupination occurred. Arthroscopic control was per-
formed in four patients with a healthy aspect and negative
testing of the TFCC.

Nakamura et al4 described a transulnar procedure to
perform the reattachment of the TFCC on the fovea. This
technique required a targeting device to drill two parallel
holes between the ulnar cortex and the ulnar half of the TFCC.

Wires were introduced in the tunnels through a shuttle relay
technique and were tied on the ulnar cortex to perform the
TFCC reattachment. They treated 24 foveal lesions with a
3.5-year follow-up (range 12–60 months). Fifteen of the 24
patients described a complete pain relief. Severe pain
remained in two cases and pain recurred at 8 to 12 months
after the surgery in four cases. DRUJ instability disappeared
in 17 cases, and seven others presented with moderate to
severe instability. The final clinical results obtained were 13
excellent, 3 good, 4 fair, and 4 poor. Delay between trauma
and treatment was identified as related to a poor outcome.

Iwasaki and Minami27 also described a transosseous
technique with only one ulnar tunnel, with fixation of the
TFCC being secured by a suture on the ulnar periosteum
around the hole. They did not present clinical results but
reported MRI images of attachment of the TFCC to the distal
entry site of the tunnel at 12 weeks postoperatively.

In the technique described by Park et al,5 a 2 cm long
longitudinal skin incision was required on the lateral aspect
of the ulna and a specially designed targeting device was
used to create the transosseous tunnel with a 4mm cannu-
lated drill. The suture was then secured by two anchors
proximally to thebone tunnel. This techniquewasperformed
in 16 patients with a 31.1-month follow-up (range 2–42
months). The range of forearm pronosupination and grip
strength improved significantly. Pain decreased from 3.7 to
0.8 (p¼ 0.001). The mean modified Mayo wrist score signifi-
cantly improved after surgery from 61.8 to 83.4 (p¼ 0.001).
The quick DASH score improved from 35.0 to 9.9 (p¼ 0.001).
No surgery-related complications, such as ulnar styloid
fracture, infection, and nerve injury, occurred.

Geissler 11 described an all inside knotless technique using
Mini-Pushlock which decreases potential soft-tissue irritation
and intra-articular maneuvers and provides a very strong
suture by repairing the TFCC directly back to the bone. This
technique requires 14 steps, making it less reproductible and
difficult to teach. It also requires a distal accessory 6R portal.

The technique described in this article repairs both su-
perficial and deep layers.11Using a knotless procedure, as did
Geissler11 it is however simpler. It requires fewer operative
steps and few supplies: one 18 Gauge needle, one impacted
anchor, and its dedicated drill. Only two portals are needed,
compared with other techniques requiring DRUJ portals,
either volar ulnar or direct foveal,3 accessory portals,11 or
evenmini-open steps.3,10,26 Indeed limited approacheswere
recommended3,8 to prevent damages of the DSBUN. These
lesions were related either to the direct foveal approach or
the knots performed. In this technique, neither of these
elements were required which may explain the absence of
DSBUN symptoms.

Although the number of patients was not sufficient for a
statistical analysis and the follow-upwas relatively short, this
technique seems promising and would require further study.

Conclusion

We present a simple arthroscopic technique using a single-
suture anchor placed in the ulnar fovea. Repairs performed in
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this fashion are simple and results achieved seems to be
similar to those obtained with conventional open or arthro-
scopically assisted techniques, although further investiga-
tion with an increased number of patients and follow-up are
required. It however became our first choice of treatment in
EWAS 2 lesions of the TFCC.
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